pendent manner. Neither adipokine was able to affect HMEC-1 proliferation in FBS-free conditions. Duration of mitosis, cell motility and the cell death process were similar in all conditions. These data suggest that adiponectin and leptin exert different effects on endothelial cell function. Adiponectin was able to potentiate proliferation of HMEC-1. This effect involves the activation of both PI3-K/Akt and ERK/MAPK pathways. However, it seems to exert minimal effects on HMEC-1 function in the case of leptin.
come highly prevalent in children and teenagers [1, 2] . Obesity has become a major health, social and economic problem of global significance. The effects of excess weight have been associated with a range of medical problems, including high cardiovascular morbidity and mortality [3] . Several factors have been suggested as important players in the cardiovascular risk associated with a high body weight, including resistance to insulin, hypertension, dyslipemia and inflammation [4] . Some data have also suggested the increase in adipose tissue observed in obese individuals to be an important contributor to these alterations [5] . In support of this affirmation is that, in subjects with severe coronary disease who already show endothelial dysfunction [6, 7] , the presence of abdominal obesity further worsens vascular function, lowers endothelium-dependent relaxation and a higher response to angiotensin-II is observed. These alterations occur independently of other cardiovascular risk factors such as insulin resistance and levels of inflammatory markers [8] .
Adipose tissue is not simply an energy store. Some studies have also demonstrated it to be a highly complex endocrine organ capable of synthesizing a great variety of factors with important local and systemic effects [9, 10] . Circulating levels of these factors, known as adipokines, become modified with body weight changes. In obesity, due to increased production, most adipokine levels are high. In contrast, adiponectin production is reduced and seems to be an exception [11, 12] . Adiponectin is an important regulator of lipid and glucose metabolism that circulates under normal conditions in high levels (range 2-20 g/ml) as several oligomeric forms [13, 14] . Plasma levels of adiponectin are reduced in the presence of different cardiovascular risk factors, including dyslipemia, hypertension and diabetes [13, 15] . Some data have suggested that high levels of circulating adiponectin reduce the risk of coronary heart disease in type 2 diabetes patients and are associated with a reduced risk of myocardial infarction in apparently healthy subjects. Therefore, hypoadiponectinemia has been considered to be a marker of coronary artery disease [15] . This could be explained by the fact that adiponectin can exert a protective role in the vascular wall through nitric oxide production [16, 17] . Some studies have also suggested additional effects, such as antioxidant and anti-inflammatory as well as the inhibition of smooth cell proliferation and migration [18, 19] . These actions are mediated by binding 2 seven-transmembrane receptors: adiponectin receptor (AdipoR) 1 and 2 [20] .
Leptin, mainly produced in adipose tissue, plays a key role in the regulation of food intake, energy balance and glucose homeostasis [10] . It circulates under normal conditions in the range of 1-15 ng/ml. In obese subjects, however, leptin levels increase in proportion to their body weight [21] . This has been explained by a hypothalamus resistance to leptin and, in consequence, an inability to adequately control appetite pathways [22] . However, this resistance seems to not equally affect all leptin target tissues, since the heart and vascular wall are unaffected [22] . In these conditions, high leptin levels can exert deleterious effects on vascular function, since hyperleptinemia is associated with altered nitric oxide activation, oxidative stress, inflammation and changes in vascular smooth muscle cell activity [22, 23] . While it is accepted that leptin can be deleterious to vascular function and adiponectin can be protective [24, 25] , their respective specific actions on endothelial cell function (e.g. proliferation, mitosis, motility and death) are not well established because there is little information available and many results tend to be contradictory.
In vitro live-cell technique permits the observation and direct filming of different cell-life processes such as mitosis, proliferation, motility and senescence. This technique is a valuable tool in the study of dynamic events that occur over a period of many minutes, hours or days, i.e. time scales that do not readily lend themselves to being recorded with full-motion video. Instead, capturing sequential images at distinctly spaced time intervals followed by playback in real time can often permit the observation of relatively slow events on a much faster time scale and reveal important results.
The aim of this study was to analyze the effect of adiponectin and leptin on the in vitro proliferation of the human microvascular endothelial cell line (HMEC-1). We also evaluated the role of 2 classic cell proliferation pathways, the extracellular signal-regulated kinase (ERK)/mitogen-activated protein kinase (MAPK) pathway [26] and phosphatidylinositol 3-kinase/Akt (PI-3K/Akt) [27] in the effects of both adipokines on HMEC-1 proliferation. In addition, we used live-cell techniques to study the effects of adiponectin and leptin on the motility, mitosis, proliferation and death processes of HMEC-1 cells.
chased from Gibco, Invitrogen, (Grand Island, N.Y., USA). Epithelial growth factor (EGF) was obtained from Upstate Biotechnology (Lake Placid, N.Y., USA). We purchased adiponectin (fulllength form) and leptin from Biovendor GmbH (Heidelberg, Germany). Trypsin-EDTA, hydrocortisone, PD 98059, LY294002 and 5-bromo-2 -deoxyuridine (BrdU) were obtained from Sigma (St. Louis, Mo., USA). BrdU-antibody was purchased from eBioscience (San Diego, Calif., USA). Rabbit phospho-ERK1/2 (Thr202/Tyr204), and phospho-Akt (Ser473) were from Cell Signaling Technology (Boston, Mass., USA). Rabbit anti-human Akt antibody was from Santa Cruz Biotechnology Inc (Santa Cruz, Calif., USA).
Cell Culture Conditions
We maintained the cells in medium MCDB 131 supplemented with 10% FBS, 10 m M L -glutamine, 100 U/ml penicillin/streptomycin, 10 ng/ml EGF and 1 g/ml hydrocortisone. The cells were seeded at a density of 1.4 ! 10 6 cells in a T-175 tissue culture flask and then grown as monolayer culture. Cells were passaged with 0.25% trypsin in 0.01% EDTA whenever they became confluent. We used cells at a maximum of 5-10 passages. All assays were conducted at temperatures of 37 ° C, with 95% sterile air and 5% CO 2 in a saturation-humidified incubator.
Cell Proliferation Assay
Cell proliferation was assessed using the CellTiter 96 Nonradioactive Cell Proliferation Assay (Promega Corporation, Madison, Wisc., USA). HMEC-1 cells were grown on 96-well plates (20 ! 10 3 cells/well) in medium with 10% FBS and were allowed to attach to the well for 24-36 h. Afterwards, cells were starved in FBS-free medium overnight. We performed the following assays: HMEC-1 cells were cultured in medium for 24 h in the presence or absence of (1) 10% FBS (controls), (2) with human adiponectin (1-20 g/ml) and (3) with human leptin (1-100 ng/ ml).
In order to evaluate the participation of the PI-3K/Akt pathway in the effect of adiponectin and leptin on HMEC-1 proliferation, we performed the following assays: HMEC-1 cells were cultured in medium for 24 h in the presence of (1) the specific PI-3K inhibitor (LY294002, 5-20 M ) with or without 10% FBS for 24 h, (2) human adiponectin (10 g/ml) with LY294002 (5-20 M ) and (3) human leptin (10 ng/ml) with LY294002 (5-20 M ).
In order to evaluate the participation of the Ras/ERK pathway in the effect of adiponectin and leptin on HMEC-1 proliferation, the following assays were performed: HMEC-1 cells were cultured in the medium for 24 h in the presence of (1) the specific MAPK inhibitor PD 98059 (5-50 M ) with or without 10% FBS, (2) human adiponectin (10 g/ml) with PD 98059 (5-50 M ) and (3) human leptin (10 ng/ml) with PD 98059 (5-50 M ).
The proliferative response was quantified by adding MTS tetrazolium solution (20 l/well). We measured the conversion of MTS tetrazolium to formazan at 490 nm in a microplate reader (ASYS Hitech GmbH, Austria) after 2-3 h of incubation. The background readings in the wells with each conditioned medium (with or without FBS) were subtracted from the sample well readouts. The absorbance is directly proportional to the number of living cells in culture. Inhibition of cell proliferation was computed as [(A 490 treated ·A 490 control -1 )] ! 100%. Three different assays were each performed in quintuplicate.
Cell proliferation was also evaluated through the incorporation of BrdU in cells by immunologic staining with the avidin biotin complex technique. HMEC-1 cells were grown in medium with 10% FBS. Afterwards, they were starved in FBS-free medium overnight and then the following assays were performed: they were cultured in medium for 24 or 48 h in the presence of (1) 10% FBS (controls) and (2) FBS with human adiponectin (5-20 g/ml). BrdU (10 M ) was added to the cultures in the last 24 h before cells were fixed. We used a monoclonal anti-mouse BrdU-antibody to detect the presence of BrdU in the daughter cells. The assay was performed in quintuplicate.
Negative controls were carried out in the same in vitro conditions, omitting the BrdU in the culture medium.
Immunoblotting of Akt and ERK
In order to evaluate whether or not adiponectin is able to activate both the PI-3K/Akt pathway and the Ras/ERK pathway in HMEC-1, the following assay was performed: HMEC-1 cells were grown in medium with 10% FBS. Afterwards, they were starved in FBS-free medium overnight, and then cultured in medium with 10% FBS. They were harvested at 0, 15, 30 and 60 min after the addition of adiponectin (10 g/ml).
We separated proteins from total cell lysates by SDS-PAGE on 10% polyacrylamide gels and then transferred to polyvinylidene difluoride membranes (Hybond-P; Amersham Biosciences, Piscataway, N.J., USA). Membranes were probed with the indicated primary antibody followed by incubation with an HRP-linked secondary antibody. Signals were detected using the ECL system (Amersham Biosciences).
Gene Expression of Adiponectin and Leptin Receptors
Total RNA extraction was isolated from HMEC-1 using RNeasy TM (Qiagen). RNA was quantified by measurement of optical density at 260 nm with a Biophotometer (Eppendorf, Germany). RNAs were frozen at -80 ° C until their use. One microgram of RNA was taken to perform reverse transcription as previously described [28] . Real-time polymerase chain reaction was performed using a fluorescence temperature cycler (SmartCycler; Cepheid, Sunnyvale, Calif., USA). Gene expression was quantified using TaqMan TM probes and primers for leptin receptor and 18S (Roche) and adiponectin receptor types 1 and 2 (Applied Biosystems) as previously reported [28] . The 2 -⌬⌬ CT method was used in order to analyze relative changes in gene expression from realtime quantitative PCR experiments [29] . Data were normalized by 18S levels and expressed as a percentage of relative expression versus controls (treated-vehicle HMEC-1).
Time-Lapse Cinemicrography
Live-cell imaging techniques were used in order to evaluate HMEC-1 mitosis, speed motility and cell death processes. The HMEC-1 cells were grown in T-25 flasks (5 to 6 ! 10 4 cells) as monolayer culture in medium with 10% FBS in the absence or presence of adiponectin (10 g/ml) or leptin (10 ng/ml) for 7 days. Culture medium was changed every 3 days.
Images were visualized with a ! 10 Nikon optical objective and sequentially captured at 1 image/min intervals from the same optical field (0.149 mm 2 ) by a Nikon M inverted microscope (Nikon Corp., Tokyo, Japan). The system was equipped and connected to a JVC KY-F55B color video camera (JVC KY-F55B, JVC Americas Corp, USA) that recorded continuously.
We performed all assays (including Time-Lapse Cinemicrography) in the same in vitro conditions: temperature of 37 ° C, 95% sterile air and 5% CO 2 in a saturation-humidified atmosphere. A single researcher who was unaware of the experimental groups performed the analysis.
Cell Mitosis
In all conditions (control, adiponectin and leptin), the number and time of mitoses were analyzed. Time of mitosis was defined as time elapsed between the cells becoming round and refined until division of the mother cell into two completed separate daughter cells.
Mitotic index was defined as the ratio between the number of cells in mitosis and the total number of cells.
Cell Motility
Cell motility was evaluated as the ratio of the distance traveled to the travel time between mitoses. We traced the entire trajectory traveled by each cell on a screen; the film was examined and measurements were made. One centimeter of screen corresponded to 9.43 m.
Cell Death Cells which had detached from the culture surface and showed typical morphological features of cell rounding were considered to be dead. In addition, dead cells showed other morphological features: a nucleus displaced to the periphery and a significant number of vacuoles in the cytoplasm. The cell death rate was calculated as the percentage of dead cells versus the total number of cells.
Statistical Analysis
Data are expressed as mean 8 SEM. We compared cell proliferation data with 1-factor ANOVA followed by a Newman-Keuls or Dunnet test to assess specific differences among doses or control conditions, respectively, using SPSS 15.0. Live-cell imaging data were compared by a multiple logistic regression model or a 2-factor ANOVA followed by a Dunnet test using both SPSS 15.0 and Statgraphics 5.1 software. The predetermined significance level was ␣ = 0.05.
Results

Cell Proliferation Assay
Control Cells
The presence of (10%) FBS increased (p ! 0.001) HMEC-1 proliferation 3.3-fold. Preincubation with the Ras/ERK inhibitor, PD98059, reduced HMEC-1 proliferation in a dose-dependent manner (14 and 20% at doses of 25 and 50 M , respectively; p ! 0.01) when compared to control cells (online suppl. fig. S1A ; for all online suppl. material, see www.karger.com/doi/10.1159/000332332). Only the high dose (20 M ) of PI-3K/Akt inhibitor, LY294002, significantly reduced (p ! 0.05) the proliferation of HMEC-1 in conditioned medium by 15% when compared to control cells (online suppl. fig. S1B ) Neither PD98095 nor LY294002 were able to alter HMEC-1 proliferation in FBS-free conditions (p = 0.213 and p = 0.321, respectively) (online suppl. fig. S2A and S2B).
Effect of Adiponectin
The presence of adiponectin further potentiated the effect of FBS (p ! 0.0001) on HMEC-1 proliferation, reaching the maximum at a dose of 10 g/ml (32%, p ! 0.01; fig 1 a) . However, adiponectin was unable to affect (p = 0.4991) cell proliferation in FBS-free conditions ( fig. 1 b) . We observed a similar pattern in human umbilical vein endothelial cells (HUVEC), since adiponectin was also able to potentiate the effect of FBS on their proliferation (p ! 0.001, online suppl. fig. S3A ) but it did modify cell proliferation in FBS-free conditions (p = 0.21; online suppl. fig. S3B ), reaching the maximum at the dose of 10 g/ml (26%). Similarly, the number of BrdU positive HMEC-1 cells was higher in the presence of adiponectin 10 g/ml (30% vs. control cells) ( fig. 2 a) than at the dose of 5 or 20 g/ml (15.5 and 22.5% vs. control, respectively). fig. 2 b) or 48 h (30 and 38%, respectively). This increase was reduced (p ! 0.0014) in a dose-dependent manner in the presence of PD 98059, the Ras/ERK pathway inhibitor ( fig. 3 a) as compared with cells in the presence of adiponectin (10 g/ml) alone. Incubation with the PI-3K/Akt inhibitor LY294002, also reduced (p ! 0.001) the effect of adiponectin (10 g/ml) on HMEC-1 proliferation in a dose-dependent manner ( fig. 3 b) . Adiponectin, at this dose, was able to induce both ERK1/2 ( fig. 4 a, c) and Akt ( fig. 4 b, d ) phosphorylation, reaching the maximum at 30 and 60 min, respectively.
Effect of Leptin
Leptin did not affect HMEC-1 proliferation, since preincubation with this factor was unable to modify proliferation independently of the presence (p = 0.646) or not (p = 0.546) of FBS in the medium ( fig. 5 a, b) . We observed a similar pattern with HUVEC (online suppl. fig. S4A and S4B). The presence of either PD98095 or LY294002 was unable to alter the effect of leptin (10 ng/ml) on HMEC-1 proliferation in medium with 10% FBS since both inhibitors induced a similar reduction (p ! 0.012 and p ! 0.03, respectively) in cell proliferation in the presence or absence of leptin (online suppl. fig. S5A and S5B ).
Gene Expression of Adiponectin and Leptin Receptors Adiponectin was not able to modify the gene expression of either of its type 1 and type 2 receptors ( fig. 6 a, b) or leptin receptors (6C) in HMEC-1. Similarly, the presence of leptin in the incubation media did not modify any of these receptors ( fig. 6 a-c) .
Time-Lapse Cinemicrography
Control Cells
The mitotic process was similar for all individual HMEC-1 analyzed ( fig. 7 ) . The quantification of mitosis duration for each cell was considered from the cells becoming round ( fig. 7 a) and refined until division of the mother cell into two daughter cells ( fig. 7 b) . The time from the completion of cell division ( fig. 7 c, d ) to the initiation of migration was not considered to fall within the period defining mitosis duration. Mitosis duration was similar throughout the study in control cells (p = 0.353) with the average duration of mitosis being 32.1 8 1.4 min. Control HMEC-1 observed with time-lapse cinematography is shown in figure 8 a-c. Ovoid HMEC-1 cells were observed during the lag phase (or 'period of adaptation' of the cells) in in vitro conditions ( fig. 8 a) . The log phase (cell proliferation period) begins 24-48 h later ( fig. 8 b) . A majority of cells have started the first mitosis ( fig. 8 b) . Proliferation and growth of cells were observed ( fig. 8 c) . A plateau phase was observed at day 5 and HMEC-1 cells showed a characteristic morphology of endothelial cells ( fig. 8 c) . We observed dead cells on day 6. Some cells were detached and suspended in the culture media, the average cell death rate being 0.055 8 0.011; no differences were found throughout the study (p = 0.327).
HMEC-1 cells moved in a random manner both amongst themselves and through the flask, with the average cell motility being 31.8 8 1.5 m/h; no differences were found throughout the study (p = 0.728).
Adiponectin Stimulation
The results of HMEC-1 cultured in the presence of adiponectin are shown in figure 8 d-f . The morphological ovoid form of HMEC-1 cells was maintained during a 24-to 36-hour period ( fig. 8 d) . The lag phase in in vitro conditions ( fig. 8 d) was similar to that in control conditions ( fig. 8 a) . The HMEC-1 in the presence of adiponectin showed a log phase that started slowly ( fig. 8 e) . A small number of cells began mitosis before 50-72 h ( fig. 8 ). The number of mitoses increased for 4 days after completion of the lag phase.
The presence of adiponectin increased the number of mitoses in HMEC-1 when compared to control cells, since the number of cells observed at day 4 was higher in adiponectin-treated cells ( fig. 8 f) than in the control group ( fig. 8 c) . This was confirmed by the fact that the average mitotic index was higher (p ! 0.0001) in the presence of adiponectin than in control conditions (0. A very small number of dead cells were observed in the plates after 6 days in these culture conditions. The presence of adiponectin did not modify (p = 0.132) cell death when compared with control cells, with the average cell death rate being 0.062 8 0.016; no differences were observed throughout the study (p = 0.295). Adiponectin was also unable to modify the HMEC-1 speed motility, since the average cell motility was similar to controls 34.6 8 2.3 m/h and no differences were found throughout the study (p = 0.224).
Leptin Stimulation
The results of HMEC-1 cultured in the presence of leptin are shown in figure 8 g-i. The morphological ovoid form of HMEC-1 cells was maintained during the first 24 h ( fig. 8 g) . The lag phase in in vitro conditions was similar to that in the control ( fig. 8 a) and adiponectin ( fig. 8 d) conditions. The duration of mitosis, proliferation and cell death processes of HMEC-1 in the presence of leptin were very similar to the results previously described for control conditions. A majority of cells began the first mitosis 24 h later ( fig. 8 g) . The increase in mitosis continued for 48-72 h ( fig. 8 h) . The number of mitoses decreased and cells acquired the morphology of mature endothelial cells (plateau phase) ( fig. 8 i) . The presence of leptin was unable to modify the duration of mitosis when We observed a very small number of dead cells in the plates after 6 days in these culture conditions. The presence of leptin did not modify average cell death rate when compared to control cells (0.038 8 0.012, p = 0.782) and this did not change throughout the study (p = 0.269). Leptin was also unable to modify the HMEC-1 speed motility, since the average cell motility was similar to that of the controls (28.9 8 1.8 m/h, p = 0.124) and no differences were found throughout the study (p = 0.156).
Discussion
The data show that adiponectin and leptin have different effects on endothelial cell proliferation in in vitro conditions. Adiponectin favors both HMEC-1 and HUVEC proliferation in the presence of FBS, while leptin is unable to modify it. The effect induced by adiponectin seems to involve an increase in the number of mitoses without affecting the duration, and involves the partial activation of both PI3-K/Akt and ERK/MAPK pathways. Both adipokines, however, were unable to modify the duration of mitosis, cell death rate or cellspeed motility.
HMEC-1 cells proliferate in the presence of FBS (10%). This proliferation is partially mediated by the activation of both PI3-K/Akt and ERK/MAPK pathways. Adiponectin at physiological doses potentiates proliferation in both HMEC-1 and HUVEC, but it does not modify cell proliferation in cells in FBS-free conditions. These data suggest that adiponectin can favor endothelial cell proliferation, although it is unable to initiate this process. This effect seems to not be shared by other adipokines such as leptin or tumor necrosis factor. This affirmation is based on the fact that leptin seems to not exert any relevant effect on endothelial cell proliferation even at a dose that can be reached in obese subjects, confirming previous studies [30] . Tumor necrosis factor, by contrast, is able to reduce HMEC-1 and HUVEC proliferation in the presence of FBS (online suppl. fig. S6B and S7B ). Therefore, it seems that adiponectin exerts a modulatory role in endothelial cell proliferation, facilitating the maintenance of endothelial cell renewal. Similarly, some data have reported that adiponectin is able to induce in vitro angiogenesis, since it stimulates differentiation of HUVEC into capillary-like structures or blood vessel growth in a rabbit corneal model [27] . In addition, adiponectin knockout mice show an impaired angiogenic response to ischemia in their hind limbs that improves after adiponectin administration [31] . However, a negative modulation has also been reported in bovine or human endothelial cells, in which adiponectin suppresses cell proliferation induced by fibroblast growth factor 2 or oxidized LDL [17, 32] . Various causes can be argued for these discrepant results, including endothelial cell origin (large or microvessel), experimental conditions (stimulated or not) or the cell species utilized. Also contributing to discrepant results could be the actual form of adiponectin utilized in the study -both trimers and hexamers have more biological action than the monomer. The globular form (the proteolytic cleavage product of adiponectin) circulating in human plasma is associated with fewer beneficial effects than the full form (the most common circulating form) [20, 33, 34] . Therefore, it is possible to suggest that adiponectin's final biological effect is affected by the presence (or not) of external factors, with the microenvironment thus being a crucial determinant (via oxidative stress or inflammation) for the expression of the potential effects of adiponectin. Further studies will be needed to identify the precise molecular mechanisms underlying these outcomes. It is important to mention that adiponectin's proliferative effect does not seem to be universal. Rather, it seems to be specific to cell type, as it has been shown that adiponectin inhibits smooth muscle cell proliferation [18, 35] .
This increase in HMEC-1 proliferation observed in the presence of adiponectin seems to be the consequence of an increase in the number of mitoses induced by this factor because the mitotic index was higher in adiponectin-treated than in untreated cells. As the time duration of mitosis was similar in cells under both conditions, the rise in proliferation induced by adiponectin appears to be the consequence of an increase in the number of cells which enter into division, as suggested by the large number of BrdU-positive cells in adiponectin-treated cells. Although some studies have reported that adiponectin is able to reduce the apoptosis of endothelial cells induced by angiotensin II or FBS-deprivation conditions, as suggested by the reduction of caspase-3 activity [36, 37] , we did not observe differences in cell death in the presence or absence of adiponectin, supporting that this factor is unable to affect cell lifetime in normal conditions. Mahadev et al. [38] also found that adiponectin at doses slightly lower than the one (0.5-3 g/ml) used in this study is unable to induce apoptosis in unstimulated endothelial cells. Similarly, leptin has a minimal effect on the HMEC-1 cell death process. However, higher doses (10-50 n M ) of leptin than the one we used are able to reduce apoptosis in different human endothelial cells (um-bilical, adult and microvascular) through an upregulation of the apoptosis inhibitor bcl-2 [39] .
Activation of different signaling cascades including PI-3K/Akt and ERK/MAPK play a crucial role in endothelial cell proliferation by regulating cell cycle progression through the modulation of numerous targets such as cyclins, cyclin-dependent kinases, and cyclin-dependent kinase inhibitors [26, 27, 40] . It has been shown that Akt kinase activity is induced by a number of factors, including growth factors or cytokines in a PI-3K-dependent manner [41, 42] . We have demonstrated that both PI-3K/ Akt and ERK/MAPK pathways are involved in adiponectin-induced HMEC-1 proliferation. The use of specific inhibitors of these pathways, LY294002 and PD98059, respectively, clearly reduces HMEC-1 proliferation after adiponectin stimulation; this suggests that this adipokine can potentiate the activation of the both pathways induced by FBS in endothelial cells. This activation has been previously reported [27, 43] . In fact, it has been reported that adiponectin is able to stimulate angiogenesis by promoting cross-talk between Akt signaling and AMP-activated protein kinase. In addition, the ERK/ MAPK pathway can also be involved in other actions of adiponectin, as an increase in ERK1/2 phosphorylation has been implicated in the anti-inflammatory action of adiponectin in endothelial cells [44] .
This effect seems not to be the consequence of a regulation in adiponectin receptors since the presence of adiponectin was not associated with changes in either AdipoR1 or AdipoR2. They bind to different forms of adiponectin, the first one to globular adiponectin and AdipoR2 to full-length adiponectin [20] . However, we cannot eliminate other effects, since Kosel et al. [45] have reported that adiponectin reduces the dimerization and internalization of the AdipoR1, which have a role in its function.
Endothelial cell migration is central to the homeostatic processes of the vascular wall, including effective immune response and the repair of injured vessels. This implies cell polarization through reorganization of cellular architecture in response to different stimuli. Considering the data, it seems that adiponectin does not play a major role in this process, suggested by the observation that this factor is unable to modify speed motility in HMEC-1. By contrast, it has been reported that this adipokine is able to reduce endothelial cell migration induced by VEGF [32, 38] . Moreover, different studies have suggested that adiponectin can act as a chemotactic agent of endothelial cells [27, 28] . Therefore, it seems that adiponectin can exert a different effect on endothelial cell migration, depending on the conditions. Leptin does not seem to be a major regulator of cell motility in HMEC-1 either, because, as already mentioned for adiponectin, no differences in cell speed are observed between leptin-treated or untreated cells. Similarly, leptin at a low dose is unable to modify endothelial progenitor cell migration in response to a scratch wound [46] , although at a high dose it is able to reduce the migration of these cells. However, the specific role of leptin on endothelial cell migration seems unclear because some studies have reported that this factor can act as a chemoattractive factor in endothelial cells [40, 47] .
Conclusions
We have observed that adiponectin and leptin can exert differential effects on endothelial cell function. In the case of leptin, it seems to play a neutral role because, at physiological levels, it was unable to modify either proliferation or migration. Moreover, the data does not support a potential deleterious effect of leptin on endothelial cells even at levels observed in obese subjects. By contrast, adiponectin is able to potentiate cell growth in cells in a proliferative state, although it is unable to initiate it. This suggests that this adipokine can exert a vascular beneficial effect by favoring the endothelial cell renewal within the vascular wall. This effect could be one of the mechanisms that can participate in the protective actions reported for this adipokine and maximize the importance of maintaining adiponectin plasma levels in a normal range. In addition, these data could help to explain the beneficial effects exerted by adiponectin on the vascular wall.
